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txt^tM™ We > MITSUBISHI CHEMICAL 
INDUSTRIES LTD., a Japanese Company, 
of 5—2, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo, Japan, do hereby declare the invention, 
5 for which we pray that a patent may be granted 
to us and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

The present invention relates to the reduc- 

10 Qve decomposition of oxides of nitrogen More 
particularly, the invention relates to an im- 
provement in the catalytic reduction of oxides 
of nitrogen e.g. MO, N0 2 (hereinafter referred 
to as NO,) in exhaust gases in the presence 

15 of ammonia. 

Oxides of nitrogen (NO x ) are toxic to the 
human body. When NO x is absorbed by the 
human body, body functions begin to decrease. 
There is a great need for efficient methods of 

20 removing NO,., also because NO x causes a 
photochemical smog which is described as 
oxidative. 



Accordingly, it is a most important problem me cTnie^n^,^ V dippin ^ 

- remove NO, in the exhaust gases from pol- a ?° lu ?° n of a vanad ~ 

ium compound and calcining it at 400—700° 



j, uoa uiu»l important prooien 
to remove NO, in the exhaust gases from pol 
25 luting sources such as power plants, nitric 
acid plants, automobiles and the like. 



cining the product, is used and NO in the 
gas ,s reduced and decomposed in the presence 40 
of ammonia, the catalytic activity has not been 
satisfactory and also the optimum temperature 
range has been limited. The present invention 
has been attained after long studies for over- 
coming these difficulties. 

It is an object of the present invention to 
provide process for the catalytic reductive 
decomposition of oxides of nitrogen with hieh 
catalytic activity. 

In accordance with the invention there is 
provided a process for the reductive decom- 
position of oxides of nitrogen contained in a 
gas which comprises treating the gas with 
ammoma in the presence of a catalyst compris- 
ing as active ingredients vanadium oxide sup- 55 
ported on a carrier formed at least externally 
of titanium oxide, zirconium oxide, cerium 
AerSf 7 " alUinina ' ° r 3 mixturc rf two or more 
The catalyst may be prepared by dipping 60 
e earner m an aauenne snlnt-;™ „f „ „„_.j 



45 



50 



rO s have been proposed. In known metffi US ™ be 



30 



i.^uiuuo iui removing 

NO x have been proposed. In known methods 
the reductive decomposition method using am- 
monia as a reducing agent is effective in treat- 
ing exhaust gas containing relatively high 
concentrations of NO and 0 2 . 

In a known practical method, the exhaust 
gas has been contacted with a vanadium oxide 
jj catalyst. 

However, when the vanadium oxide catalyst 
prepared by immersing a known carrier in an 
aqueous solution of a vanadium salt and cal- 



.u.umuii ^.an dc any exnaust 
gas discharged from polluting sources such 
as power plante, nitric acid plants, automobile 
engines, and the like. 

Usually exhaust gases contain more than 
U.l vol, / c oxygen, especially 2—10 vol V 
oxygen, together with NO x . 

It is usual to feed ammonia at a molar ratio 
or more preferably 0.5—2 with respect 
to NO x m the exhaust gas. When the molar 
ratio of ammonia to NO x is too low, a desir- 
able NO x decomposition is not obtained. 



When the molar ratio of ammonia to NO* 
is too high, it is not economical and the un- 
reacted ammonia is included in the exhaust 
gas. One form of catalyst comprises vanadium 
5 oxide supported on a carrier comprising one 
or more of titanium oxide, zirconium oxide, 
cerium oxide and 7-alumina. Preferably, the 
carrier comprises titanium oxide, zirconium 
oxide or a mixture thereof. An example of the 

10 catalyst can be prepared as follows. 

Vanadium pentoxide is dissolved in water 
with oxalic acid; or a vanadium salt such as 
vanadyl sulfate, vanadyl chloride or ammonium 
metavanadate is dissolved in water. 

15 A moulded support of titanium oxide, zir- 
conium, oxide or the mixture thereof is dipped 
in the aqueous solution for several hours and 
then dried and calcined. 

Powdered titanium oxide or zirconium oxide 

20 may be clipped in the aqueous solution and the 
wet powder extruded to mould it, if desired 
after drying it or after drying and calcining 
it to form the oxide. The shape of the mould- 
ing can be chosen without limitation, and 

25 spherical, pellet and honeycomb shaped carriers 
can be used. The titanium oxide may be of the 
rutile type and/or the anatase type crystalline 
structure. The latter is especially preferable. 
The vanadium oxide may be supported by 

30 the carrier in amounts ranging preferably from 
0.1 — 50% by weight especially 1—20% by 
weight to total weight of the catalyst. Another 
form of catalyst used in the invention com- 
prises vanadium oxide supported on a heat 

35 resisting substance coated with titanium oxide. 
Any heat resistant substance can be used for 
the preparation of the carrier, e.g. alumina, 
silica-alumina and also diatomaceous earth, 
silicon carbide, mullite, zirconia or cordierite. 

40 The shape of the heat resistant substance 
can be chosen without limitation and spherical, 
pellet and honeycomb shaped carriers can be 
used. 

For example, a heat resistant substance is 
45 coated with titanium oxide as follows. 

The heat resistant substance is dipped in 
an aqueous solution of titanium tetrachloride, 
titanium trichloride, titanium sulfate or other 
titanium salt for a suitable time and is then 
50 exposed to the atmosphere, and if desired, 
treated with an alkaline solution and calcined 
at 500 — 600° C in air to form the titanium 
oxide coat by oxidizing decomposition and 
hydrolysis. 

55 When titanium tetrachloride is used, the 
completion of the formation of titanium oxide 
can be confirmed by observing no further 
generation of white smoke. The product is 
washed with water at room temperature if 

60 desired, and calcined. 

The heat resistant substance coated with 
titanium oxide can be also obtained by immers- 
ing said substance in a slurry containing titan- 
ium oxide. 

65 Then, vanadium oxide is supported on the 



resulting carrier as follows. 

The carrier is dipped in an aqueous solution 
of one or more vanadium salts such as vanadyl 
oxalate, vanadyl sulfate, vanadium tetrachlor- 
ide, vanadyl chloride and ammonium meta- 70 
vanadate, and is dried and calcined. 

The vanadium oxide is supported by the 
carrier in amounts ranging preferably from 
0-1 — 50% by weight, preferably 1 — 20% by 
weight as V 2 0 5 to total weight of the catalyst. 75 

The heat resistant substance coated with 
titanium oxide may be dipped in the aqueous 
solution of the vanadium salt for about 1 — 20 
hours preferably 1 — 5 hours. 

After the impregnating treatment, the carrier 80 
may be gradually heated in air or a nitrogen 
atmosphere to dry it and then to calcine it at 
400—700 °C to give the final catalyst. 

Another form of catalyst used in the inven- 
tion comprises cerium oxide and vanadium 85 
oxide supported on a heat resistant substance. 
The heat resisting substance used for support- 
ing the active component i.e. cerium oxide and 
vanadium oxide can be e.g. alumina, silica, 
silica-alumina, diatomaceous earth, zirconia, 90 
titania, mullite, cordierite. The heat resistant 
substance can be made by moulding it to the 
form e.g. of granules, pellets or honeycomb 
shape. 

A catalyst to be used in the invention can be 95 
prepared by supporting cerium oxide on the 
heat resistant substance in the first instance. 

The heat resisting substance may be dipped 
in an aqueous solution of one or more cerium 
salts such as cerium nitrate, cerium chloride, 100 
cerium sulfate and cerium ammonium nitrate, 
and is taken up and it is gradually heated in 
air or a nitrogen atmosphere to dry it and 
then to calcine it at 400 — 700° C. 

The cerium oxide may be supported by the 105 
heat resistant substance in amounts ranging 
from 0.1—20% by weight preferably 1 — 10% 
by weight as Ce0 2 based on the total weight 
of the catalyst 

After such treatment, vanadium oxide is 110 
preferably supported as follows. 

The carrier made of the heat resistant 
substance supporting cerium oxide is dipped 
in an aqueous solution of one or more vanad- 
ium salts such as vanadyl oxalate, vanadyl 115 
sulfate, vanadyl tetrachloride, ammonium 
metavanadate and is taken up, and it is gradu- 
ally heated in air or a nitrogen atmosphere to 
dry it and then to calcine it at 400 — 700° C 
to give the catalyst. 120 

The vanadium oxide may be supported by 
the carrier in amounts ranging 0.1 — 30% by 
weight, preferably 1 — 10% by weight as V 2 0 5 
to total weight of the catalyst. . 

Another form of catalyst used in the inven- 125 
tion comprises vanadium oxide supported on 
a carrier made of a heat resistant substance 
coated with 7-alumina. 

The carrier made of the heat resistant 
substance coated with y-alumina can be pre- 130 



pared by any known methed. 

For example, a ceramic moulded substance 

Ltfu'l V Slurry ° r C0ll0idal soluti ™ 
containing y-alumina or a y-nlumina-producine 
5 compound such as boehmite or aluminiS 
hydroxide, and then is taken up and calcined 
to give trie carrier. 

The ceramic can be mullite, cordierite 
10 SlredXpr- " » f( ™ ^ 

Although the shape is not limited, it is 
especially preferable to form a honeycomb 
shape which has m advantage of low pressure 
loss even though velocity of the gas mixture 

Has martT 3nd ammonia 

gas, that is die space velocity, is high. Usually 

ttnS S - ° f * e ' h *™mb cL 'have £ 
sectional view many hexagonal, rectangular, 

20 ffi?" ° r C1 T! ar ° penings - A honeycomb 

20 having a s.nusoidal section, or having spidery 
or scrolled openings can be used. 7 
In order to support vanadium oxide as a 
catalytic active component on the carrier, the 
earner may be dipped in an aqueous ? solution 

2b of vanadyl oxalate, vanadyl sulfate,- vanadyl 
chloride, ammonium metavanadate for eg 
several hours and then is dried and calcined 

The vanadium; oxide may be supported by 
the carrier in amounts ranging 0.1 — 50°/ bv 

30 weight preferably 1—20% by weight as V 2 0 
to total weight of the catalyst. 5 
Another, form bf catalyst used in the inven- 
tion comprises vanadium--, oxide supported on 
a carrier made of a heat resistance substance 

Ji> coated with a mixture of titanium oxide and 
y-alumina. 

In order to perform the reductive decom- 
position of NO x in the exhaust gas by using 
a catalyst prepared as above, it is quite effec- 

40 tive to pass the exhaust gas through the catalyst 
zone at a space, velocity of 1,000—150,000 
hr_1 . preferably 10,000— 100,000 ..her 1 , at a 
W^T 5 ° f 15 °— 650 ° C Preferably 200— 
500 L. The reductive decomposition products 

4J> are mostly nitrogen and water. 

When the reductive decomposition of NO v 
is performed in the presence of ammonia by 
using the catalyst prepared as above, the 
catalytic activity is remarkably higher than 

50 that using a known catalyst The high catalytic 
activity is maintained without substantial 
change of- -activity, even though the tempera- 
ture is changed. Accordingly, the method of 
the invention is advantageous in practical op- 

^ erauon. The invention will be illustrated bv 
certain Examples. In the Examples, the cata- 
lytic activity tests are conducted as follows 

60 K NO *( NO = 300 ppm) and 3000 ppm 
w of NH 3 was passed through the catalyst layer 
at a space velocity- of 40,000 hr" 1 in the case 
or a honeycomb type catalyst; and at space 
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velodty of 20 000 hr- in the case of other 

San,^ Th talySt ' 3t 3 P rede ^™ined tem- 
perature The concentration of NO, was meas- ftS 

aTd £ NO"' aftCF ?* addl ' d0n ° f *^a> 

NO x removal ratio (%) = [NO.(inlet) - 

NO^outleO/NO^inleOJXlOO 70 
The concentration of NO* was measured by 

The chemiluminescent NO* analyzer (CLM 

201^manufactured by Shimazu-Seisakusho 

Example 1. 7S 
Powdered titanium oxide (anatase type 
surface. area, of 36 m*/gr) was moulded to 
form tablets having diameter of 8 mm and 
thickness of 2 mm. 10 ml of the tablets were 
immersed for an hour in 10 ml of an aqueous 80 
so ution of vanadyl oxalate prepared by dis- 
solving 3 58 g of vanadium, pentoxide and 
fiif I <* °™}\ acid ' and * e soluti °n was 
filtered off and the residual tablets were dried 
and calcined at 250" C for 1 hour, at 350° C RS 
for 1 hour and then at 500° C for 3 hours in an 
air stream to yield a Catalyst of titanium oxide 
supporting 10% by weight of vanadium oxide. 

Hie results of NO x decomposing tests using 
the catalyst are shown in Table 1 g 90 

Example 2. 
Powdered- titanium oxide (rutile type, sur- 
SkL'T °- f 8 i m Vgr) was moulded m form 
tablets having diameter of 8 mm and thickness 
of 2 mm. 10 ml of the tablets were immersed Q S 
for an hour m 10 ml of an aqueous solution of 
vanadyl oxalate prepared by dissolving 4.96 g 
vanadium pentoxide and 11.4 g of oxalic acid! 
and^rhe solution was filtered off and the 
resriual. tablets were dried and calcined in 100 
accordance.with.tl.e.prpcess.of. Example 1, to 
yield a catalyst of titanium oxide supporting 
10 / 0 by weight of vanadium oxide 

The results of NO, decomposing tests using 
the catalyst are shown in Table 1 10 5 

Example 3 

Powdered titanium oxide '(rutile type sur- 
SSf? ° ^"'/gr) was moulded^™ 

of 2 mmTo S d ,'Tr ° f u 8 ^ and 
fl l0 :^ o{ *e tablets were immersed 110 

Z% f 0Ur , m 10 mI of an ^eous solution of 
vanadyl oxalate prepared by dissolving 5.29 2 
of vanadium pentoxide and 12.17 g of oxalic 

residual tablets were dried and calcined h 115 
accordance, with the process of L m p "1 0 
yield a catalyst of titanium oxide supporting 
10 A, by weight of vanadium oxide. g 
the^Jf ^ ° f Composing tests using 
the catalyst are shown in Table 1 B 120 
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TABLE 1 









Reaction 




Example 


V 2 0 5 supported 
(wt. %) 


catalyst 
(g) 


temperature 
(°C) 


removal ratio 
(%) 








2T)0 


67 








240 


80 








280 


90 


1 


10 


9.9 


340 

370 
400 
420 


95.5 

95.5 
91.5 
81 








250 


64 












2 


- 

10 


11.8 


340 - 
380 
400 
420 


86 ; 
89.5 
89.5 
85 








280 


58 








320 


68 


3_ 


10 


12.4 


360 
400 

420 


74 

75.5 

73 
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Example 4. 
A 15 g of powdered zirconia was immersed 
in 5 ml- of an aqueous solution of vanadyl 
oxalate prepared by dissolving 1.67 g of 
vanadium pentoxide and 3i83 g of oxalic acid, 
and the mixture was concentrated and dried, 
and then calcined at 500° C for 30 minutes 



and the product was moulded to form tablets 
having diameter of 8 mm and thickness of 
2 mm. 

A catalyst of zirconia supporting 10°/ by 
weight of vanadium oxide was obtained. 

The results of NO^ decomposing tests using 
the catalyst are shown in Table 2. 



TABLE 2 



Example 


Amount of 
V 2 0 s supported 
(wt. %) 


Amount of 
catalyst 
(g) 


Reaction, 
temperature 
(°C) . 


removal ratio 
(%) 








250 


69 ; 








300 










340 


88.5 


4 


10 


' 14.7 


360 


• 89.5 








380 


89' 








400 


84 








420 


75 



. le 5. ' 

10 ml of y-almnina was immersed in 10 ml 
of titanium tetrachloride and was taken up 
and oxidized by exposing it in air for several 
20 hours and then the product was washed with 
water for several minutes and calcined at 
500° C for ihree hours in nitrogen atmosphere 
to yield y-aliimina coated with titanium oxide. 
The 10 ml fof -/-alumina coated with titanium 
25 oxide was immersed in 10 ml of an aqueous 
solution of vanadyl oxalate prepared by dis- 
solving 2.22 g ctf vanadium pentoxide and 
5.11 g of oxalic acid and die mixture was 
filtered. 

30 The residual product was dried and calcined 
in accordance with ahe process of Example 1, 
to yield a catalyst of y-alumina coated with 
titanium oxide supporting 10% by weight of 
vanadium oxide. 

35 The results of NO x decomposing tests using 
the catalyst are shown in Table 3. 

Example 6: 
In accordance with the process of Example 
5, titanium oxide was coated on y-alumina. 

40 The 10 ml of y-alumina coated with titanium 
oxide was immersed in 10 ml of an aqueous 
solution of vanadyl oxalate prepared by dis- 
solving 3.29 g of vanadium pentoxide and 
7 -56 g of oxalic acid, and the mixture was 

45 filtered and the product was calcined in 
accordance with the process of Example 1 to 
yield a catalyst of y-alumina coated with 
titanium oxide supporting 5% by weight of 
vanadium oxide. 



The results of NO x decomposing tests using 50 
the catalyst are shown in Table 3. 



In accordance with the process of Example 
5, titanium oxide was coated on silica. 

10 ml of silica coated with titanium oxide 
was immersed for an hour in 10 ml of an 
aqueous solution of vanadyl oxalate prepared 
by dissolving 0.18 g of vanadium pentoxide 
and 1.81 g of oxalic acid, and the solution 
was altered off and die product was calcined 
an accordance with the process of Example 1, 
to yield a catalyst of silica coated with titanium 
oxide supporting 5%, by weight of vanadium 
oxide. 

The results of NO x decomposing tests using 
the catalyst axe shown in Table 3. 

Reference Example 1. 
10 ml of silica of Example 7 which is not 
coated with titanium oxide was immersed in 
an aqueous solution of vanadium salt and the 
product was calcined in accordance with die 
process of Example 7, to yield a catalyst of 
silica supporting 5% by weight of vanadium 
oxide. 

The results of NO x decomposing tests using 
the catalyst are shown in Table 3. 

Example 8. 

In accordance with the process of Example 
5, titanium oxide was coated on silica-alumina. 

10 ml of silica-alumina coated with titanium 
oxide was immersed for an hour in 10 ml 



of an aqueous solution of vanadyl oxalate pre- 
pared by dissolving 1.09 g of vanadium pent- 
oxide and 2.50 g of oxalic acid, and the 
mixture was filtered and the product was cal- 
cined in accordance with the process of Ex- 
ample 1 to yield a catalyst of silica-alumina 
coated with titanium oxide supporting 5% by 
weight of vanadium oxide. 

The results of NO x decomposing tests using 
the catalyst are shown in Table 3. 

Reference Example 2. 

10 ml of sm'ca-alurnina of Example 8, which 
is not coated with titanium oxide was im- 
mersed in an aqueous solution of vanadium 
salt and the product was calcined in accordance 
with the process of Example 8, to yield a 
catalyst of silica-alumina supporting 5% by 
weight of vanadium oxide. 

The results of NO x decomposing tests using 
the catalyst are shown in Table 3. 

Example 9. 
In accordance with the process of Example 
5, titanium oxide was coated on a-alumina 



honeycomb. 

One a-alumina honeycomb (about 5 ml) 25 
coated with titanium oxide was immersed for 
an hour in 20 ml of an aqueous solution of 
vanadyl oxalate prepared by dissolving 6.02 
of vanadium pentoxide and 13.83 g of oxalic 
acid in water, and the mixture was filtered 30 
and the product was calcined in accordance 
with the process of Example 1, to yield a 
catalyst of a-alumina honeycomb coated with 
titanium oxide supporting 5% by weight of 
vanadium oxide. 35 

The results of NO* decomposing tests using 
the catalyst are shown in Table 3. 

Reference Example 3. 

The a-alumina honeycomb of Example 9 
which is not coated with titanium oxide was 40 
immersed in the aqueous solution of vanadium 
oxalate and the product was calcined in accord- 
ance with the process of Example 1, to yield 
a catalyst of a-alumina honeycomb supporting 
5% by weight of vanadium oxide. 45 

The results of NO x decomposing tests using 
the catalyst are shown in Table 3. " ' 





Amount of 


Amount of 


Reaction 






V 2 O s supported 


Catalyst 


temperature 


NO x removal 


Example 


(wt. %) 


■(g) . 


(°o 


ratio (%) 








200 


58 








250 


74 








300 


86.5 








340 


91 


5 


10 


7.0 . 


380 


93 








420 


93 








440 


92 








460 


88 








480 


-81 








250 


51 








300 


67 








340 


75.5 


Example 










6 


5 


13.1. 


380 


80 








400 


80 








420 


75 








440 


63 
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TABLE 3 (continued) 





Amount ol 




Reaction 






V 2 0 5 supported 


Catalvst 


tempeni ture 


NO x removal 




(wt. %) 


(g) 


(°C) 


ratio (%) 








280 


52 


Example 






320 


60 


7 


5 


5.6 


360 


62.5 








380 


61.5 








400 


58 


Reference 






280 


17 


Example 






320 


20 


1 




4.8 










360 


18 








380 


12 








250 


67 








300 


79 








340 


87 


Example 






380 


90 






8 


5 


7.0 


420 


91 








441) 


91 








460 


90 








480 


88 








500 


81 




i 




380 


59 


Reference 






420 


63 


Example 








2 


5 


5.7 


460 


65 








500 


66 








540 


64 








260 


61 








300 


73.5 


Example 






340 


81 


9 


5 




360 


83 








380 


83 








410 


79.5 








430 


66 
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Amount of 
V 2 0 5 ^ supported 


Amount of 
Catalyst 

Is) 


Reaction 
temperature 
CO 


NO x removal 
ratio 


Reference 
Example 
3 


5 


5.6 


270 
330 
380 
400 


27.5 
33.5 
36.5 
35 



Example 10. 
15 ml of -/-alumina was immersed in 15 ml 
of an aqueous solution of 3.9 g cerium nitrate 
5 for 1 hour, and the solution was filtered and 
the product was dried and calcined at 250° C 
for 1 hour and at 350° C for 1 hour and at 
500° C for 3 hours in nitrogen atmosphere 
for 3 hours to yield 15 ml of 7-alumina sup- 

10 porting cerium oxide. The 15 ml of 7-alumina 
supporting cerium oxide was immersed for an 
hour in 15 ml of an aqueous solution of vanadyl 
oxalate prepared by dissolving 3.3 g of vanad- 
ium pentoxide and 7.7 g of oxalic acid and 

1 5 filtered, and the product was dried and calcined 
in accordance with the process of Example 1 
to yield a catalyst of 7-alumina supporting 5% 
by weight of cerium oxide and 10% by weight 
of vanadium oxide. 

20 The results of NO x decomposing tests using 
the catalyst are shown in Table 4. 

Example 11. 
In accordance with the process of Example 
10, cerium oxide was supported on 7-alumina. 

25 15 ml of the 7-alumina supporting cerium 
oxide was immersed for an hour in 15 ml of an 
aqueous solution of vanadyl oxalate prepared 
by dissolving 1.6 g of vanadium pentoxide and 
3.6 g of oxalic acid and filtered and the pro- 

30 duct was dried and calcined in accordance 
with the process of Example 10 to yield a 
catalyst of 7-alumina supporting 5% by weight 
of cerium oxide and 5% by weight of vanad- 
ium oxide. 

35 The results of NO x decomposing tests using 
the catalyst are shown in Table 4. 

Example 12. 
15 ml of a-alumina was immersed in 15 ml 
of an aqueous solution of 6.9 g of cerium 
40 nitrate for 1 hour and the product was dried 
and calcined in accordance with the process of 
Example 10 to yield 15 ml of a-alumina 
supporting cerium oxide. 

The 15 ml of a-alumina supporting cerium 
45 oxide was immersed for an hour in 15 ml of an 
aqueous solution of vanadyl oxalate prepared 
by dissolving 1.1 g of vanadium pentoxide 
and 2.4 g of oxalic acid and filtered and the 



product was dried and calcined in accordance 
with the process of Example 10 to yield a 50 
catalyst of a-alumina supporting 5% by weight 
of cerium oxide and 2% by weight of vanad- 
ium oxide. 

The results of NO s decomposing tests using 
the catalyst are shown in Table 4. 55 

Reference Example 4. 

15 ml of a-alumina of Example 12 was im- 
mersed for an hour in 15 ml of aqueous 
solution of vanadyl oxalate prepared by dis- 
solving 2.7 g of vanadium pentoxide and 6 3 g 60 
of oxalic acid and the product was dried and 
calcined m accordance with the process of 
Example 12 to yield a catalyst of a-alumina 
supporting 5% by weight of vanadium oxide. 

The results of NO x decomposing tests using 65 
the catalyst are shown in Table 4. 

Example 13. 
15 ml of silica was immersed in 15 ml of an 
aqueous solution of 2.3 g of cerium nitrate for 
1 hour and the product was dried and calcined 70 
m accordance with the process of Example 
10 to yield 15 ml of silica supporting cerium 
oxide. 

The 15 ml of silica supporting cerium oxide 
was immersed for an hour in 15 ml of aqueous 75 
solution of vanadyl oxalate prepared by dis- 
solving 0.92 g of vanadium pentoxide and 2 1 
g of oxalic acid and filtered and the product 
was dried and calcined in accordance with 
the process of Example 10, to yield a catalyst 80 
of silica supporting 5% by weight of cerium 
oxide and 5% by weight of vanadium oxide. 

The results of NO x decomposing tests using 
the catalyst are shown in Table 4. 

Reference Example 5. 85 
15 ml of silica of Example 13 was immersed 
m 15 ml of an aqueous solution of 4 4 g of 
cerium nitrate for 3 hours and the product 
was dned and calcined in accordance with the 
process of Example 10 to yield a catalyst of 90 
silica supporting 9% by weight of cerium 
oxide. 

The results of NO x decomposing tests using 
the catalyst are shown in Table 4. 



Reference Example 6. 
15 ml of silica of Example 13 was immersed 
in 15 ml of an aqueous solution of vanadyl 
oxala..-. and the product was dried and calcined 
m accordance with the process of Example 13 



to yield a catalyst of silica supporting 5°/ bv 
weight of vanadium oxide. 

The results of NO, decomposing tests using 
the catalyst are shown in Table 4. 



TABLE 4 





Amount of 
V 2 O s supported 
Cwt. <;;) 


Amount of 
Catalyst 
(8) 


Reaction 
temperature 
(°C> 


NO x removal 
ratio (%) 








200 


57 








250 


75 








300 




Example 
10 


10 


7.1 


340 
380 
400 
420 
460 
490 


93 
93 
89 
77 








200 


54 








250 


71 








300 


83 








340 


88 


Example 

ii 


5 


7.1 


380 
400 
420 
460 
500 
520 
540 


90.5 

91 

91.5 

91.5 

88.5 

85 

77 








250 


66 








300 


81 


Example 
12 


2 


11.5 


340 
380 
400 
420 
440 
460 


86.5 

89 

89.5 

88.5 

85.5 

77 



10 



1,430,730 
TABLE 4 (continued) 



10 





Amount of 


Amount of 


Reaction 






V 2 Os supported 


Catalyst 


temperature 


NO,; removal 




(wt. 7c) 


(g) 


(°C) 


ratio i r ' r ) 


I 






260 


66 








300 


77 


Reference 






j40 


83.5 


Example 








4 


5 


12.6 


360 


84.5 








380 


85 








400 


81.5 








420 


73 








250 


45 








300 


57 








340 




Example 






13 


5 


4.8 


360 


62 








380 


60.5 








400 


58 








420 


53 


Reference 








16.1 


Example 








5 


9 


4.8 


310 


34.9 








335 


25.9 








300 


19 


Reference 






320 


20 


Example 






6 


5 


4.8 


340 


20.5 








360 


18 








380 


12 



Example 14. 

An a-alumina honeycomb • coated with y- 
alumina having diameter of 17 mm and length 
of 25 mm was immersed for 6 hours in an 
aqueous solution of vanadyl oxalate prepared 
by dissolving 3.426 g of vanadium pentoxide 
in 7.88 g of oxalic acid and 10 ml of water. 

The solution was filtered and the product 
was dried and calcined at 250° C for 1 hour, 
at 350° C for 1 hour and at 550° C for 3 hours 
in nitrogen atmosphere, to yield a honeycomb 
type catalyst of a-alumina coated with 7- 
alumina supporting 6% by weight of vanadium 
oxide. 



The results of NO^ decomposing tests using 
the catalyst are shown in Table 5. 

Reference Example 7. 

An a-alumina honeycomb was immersed for 
6 hours in 10 ml of aqueous solution of vanadyl 20 
oxalate prepared by dissolving 3.616 g of 
vanadyl pentoxide in 8.32 g of oxalic acid and 
10 ml of water and the product was dried 
and calcined in accordance with the process 
of Example 14 to yield a honeycomb type 25 
catalyst of a-alumina supporting. 6% by weight 
of vanadium oxide. 

The results of NO* decomposing tests using 



the catiilyst are shown in Table 5. 

Example 15. 
A honeycomb type mullire was immersed 
in a slurry of y -alumina, and dried and calcined 
*° >' ield a carrier. The carrier was immersed 
for 6 hours in 10 ml of an aqueous solution 
of vanadyl oxalate prepared by dissolving 2.405 
g of vanadium pentoxide in 5.53 g of oxalic 
acid and 10 ml of water. The solution was 

iu filtered and the product was dried and calcined 
in accordance with the process of Example 14 
to yield a honeycomb type catalyst of mullite 
coated with ^-alumina supporting 6% by 
weight of vanadium oxide. 

1 5 The results of NO* decomposing tests using 
the catalyst are shown in Table 5. 

Reference Example 8. 
A honeycomb type mullite was immersed in 
an aqueous solution of vanadyl oxalate pre- 
M pared by dissolving 2.267 g of vanadium 



pentoxide m 5.214 g of oxalic acid and 10 ml 
of water The product was dried and calcined 
in accordance with the process of Example 14 
to yield a honeycomb type catalyst of mullite 
supporting 10;/ by weight of vanadium oxide 
The results of NO x decomposing tests using 
the catalyst are shown in Table 5. 

Example 16. 

A honeycomb type cordierite coated with 
7-alumina was immersed for 6 hours in 10 ml 
of an aqueous solution of vanadyl oxalate 
prepared by dissolving 2.398 g of vanadium 
pentoxide m 5.52 g of oxalic acid and 10 nS 
oi water and the product was dried and 
calcined m accordance with the process of 
Example 14 to yield a honeycomb type catalyst 
of cordierite coated with y-alumina supporting 
6 /o by weight of vanadium oxide 

The results of NO x decomposing tests using 
the catalyst are shown in Table 5 





Amount of 
V 2 O s supported 
(wt. 


Amount of 
Catalyst 
(g) 


Reaction 
temperature 
(°C) 


NO x removal 
ratio {%) 








200 


44 


Example 
14 


6 


5-. 8 


260 
300 
350 
380 


79 
91.3 
94.8 
86 


Reference 
Example 






250 
330 


24.3 
33.5 




6 


5.6 


380 
400 


36.5 
35 








220 


61.8 


Example 
15 


6 


5.9 


280 
340 
380 


90 
97 
94.8 


Reference 
Example 
8 


10 


1.6 


250 
310 
370 
390 


26.5 
46.5 

58.5 
57 









TABLE 5 (Continued) 





Amount of 
V 2 0 s supported 
(wt. %) 


Amount of 
Catalyst 
(g) 


Reaction 
temperature 
(°C) 


NO x removal 
ratio (%) 








210 


45.5 








270 


80 


Example 










16 


6 


5.5 


340 


95.8 








360 


95 



WHAT WE CLAIM IS:— 

1. A process for the reductive decomposition 
of oxides of nitrogen contained in a gas which 

5 comprises treating the gas with ammonia in 
the presence of a catalyst comprising as active 
ingredients vanadium oxide supported on a 
carrier formed at least externally of titanium 
oxide, zirconium oxide, cerium oxide, y- 
10 alumina, or a mixture of two or more thereof. 

2. A process as claimed in claim 1 wherein 
the catalyst comprises vanadium oxide sup- 
ported on a carrier formed of titanium oxide, 
zirconium oxide or a mixture thereof. 

15 3. A process as claimed in claim 1 wherein 
the catalyst comprises vanadium oxide sup- 
ported on a carrier formed of a heat resistant 
substance coated with titanium oxide. 

4. A process as claimed in claim 1 wherein 
20 the catalyst comprises vanadium oxide sup- 
ported on a carrier formed of a heat resistant 
substance coated with cerium oxide. 

5. A process as claimed in claim 1 wherein 
the catalyst comprises vanadium oxide sup- 

25 ported on a carrier formed of a heat resistant 
substance coated with 7-alumina. 

6. A process as claimed in claim 1 wherein 
the catalyst comprises vanadium oxide sup- 
ported on a carrier formed of a heat resistant 

30 substance coated with a mixture of titanium 
oxide and y-alumina. 

7. A process as claimed in any of claims 
3 to 6 wherein the heat resistant substance 
comprises alumina, silica-alumina, diatomace- 

35 ous earth, silicon carbide, mullite or cordierite. 

8. A process as claimed in claim 7 wherein 



the heat resistant substance comprises a- 
alumina. 

9. A process as claimed in any preceding 
claim wherein the catalyst is prepared by 
dipping the carrier in an aqueous solution of a 
vanadium compound and calcinatine it at 
400—700° C. 

10. A process as claimed in any of claims 
1 to 8 wherein the catalyst is prepared by 
dipping a heat resistant carrier substance coated 
with titanium oxide, cerium oxide or y-alumina 
in an aqueous solution of a vanadium com- 
pound and calcinating it at 400—700° C. 

11. A process as claimed in any preceding 
claim in which the catalyst contains 0.1 — 50% 
by weight of vanadium oxide based on the 
total weight of the catalyst. 

12. A process as claimed in any preceding 
claim wherein the gas and ammonia are con- 
tacted with the catalyst at 150 — 650° C. 

13. A process as claimed in any preceding 
claim wherein the mixture of ammonia and 
the gas containing oxides of nitrogen is passed 
through a zone containing the catalyst at a 
space velocity of 1,000—150,000 hr-*. 

14. A process as claimed in claim 1 sub- 
stantially as described herein with reference 
to any one of the Examples. 

R. G. C. JENKINS & CO., 
Chartered Patent Agents, 

Chancery House, 
53 — 64, Chancery Lane, 
London, WC2A 1QU. 
Agents for the Applicants. 
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